Abstract. The shell of scroll compressor was subjected to internal gas pressure during operation. In order to ensure the safety of the pressure shell, the structure parameters of the shell were determined initially by pressure vessel design method, and the strength of the shell was checked by finite element method. Because of the uncertainty of structural parameters, the reliability of the shell of scroll compressor was analyzed by finite element method and probability design system (PDS), and the reliability and probabilistic sensitivity of the shell were obtained. The results showed that the material's strength, working pressure, thickness of head wall, thickness of cylinder wall, radius of cylinder and radius of head were the main factors to affect the reliability of the shell, and the reliability design method was better economic than the conventional design method. The above conclusions provide a scientific basis for the further optimal design of scroll compressor's shell.
Introduction
Mechanical strength reliability design is to determine the distribution of stress and part strength, and control component failure probability to meet the design requirements. Using the conventional design method in the structural design, the load and material performance parameters are regarded as deterministic values, and then the resulting design results are determined, which cannot ensure the structural safety [1] . But the reliability design method could take into account the dispersion of design parameters and predict the failure probability of product quantitatively, which reflects the real operation of the product more truly in the working process. So the reliability design method is more important than the traditional conventional design method in engineering project [2] .
The failure of scroll compressor's shell would cause work accident, economic losses, personal injury and other accidents. So in design of the pressure shell, the uncertainty of the structural size, material properties and other variables should be considered, and the structural parameters of the conventional design method should be determined by structural reliability assessment. When the structure does not meet the safety requirements, the structure should be re-designed to ensure safety [3] . The structure of scroll compressor is not exactly the same as conventional pressure vessel. At first, the structure parameters of pressure shell are calculated referring to the pressure vessel design method. Then the strength and reliability of the shell are checked by the deterministic finite element method and probability design method. This design method has reference value for the related structure design.
Reliability Design Theory
The reliability of parts could be judged by the relation between stress and strength. When the stress value is greater than the strength value, the part failure; when the stress value is less than the strength value, the part could work properly.
The failure criterion is: The strength value and stress value of the parts are continuous variables. When the distribution of stress and strength are both normal distributions, the probability density functions are:
In Eq. 2 and Eq. 3, , that the reliability R could be expressed as: 
Design of Shell Structure and Wall Thickness
The shell structure includes an upper head, a lower head and a cylinder. As shown in Fig. 1 , R=52.9mm, TB=8mm, TA=7mm, HF=62.9mm, HT =420mm, DT=150mm. The yield limit of the material is 345MPa, the elastic modulus of the material is 200E9Pa, the Poisson's ratio of the material is 0.3, and the allowable stress value of the material is 189MPa, while the calculated pressure is 14MPa.
The shell of scroll compressor is subjected to pressure. So the thickness of cylinder and head wall are determined initially by the pressure vessel design specifications GB150.3-2011. 
Thickness of Cylinder Wall
The thickness of cylinder wall TA is calculated as follows:
In Eq. 5, TA-thickness of cylinder wall, mm; p c -calculated pressure, Pa; DT-diameter of cylinder, mm;
[ ] t σ -allowable stress, Pa; φ -weld coefficient, and φ =1;
C-added value of wall thickness, and C=1mm.
According to the known data, the thickness of cylinder wall of the scroll compressor could be calculated. Then the value would be rounded up to standard specifications of the steel plate. So the thickness of the cylinder wall is 7mm.
Thickness of Head Wall
The head structure of scroll compressor is similar to the oval head of pressure vessel. So the thickness of oval-shaped head wall TB is calculated referring to the pressure vessel design method, which could be calculated as follows: C-added value of wall thickness, and C=1mm; K-shape factor, and
The thickness of head wall of the scroll compressor is calculated with the structure and material parameters. Considering the negative deviation of the steel sheet' thickness is 0.5mm in the process of manufacturing, the value would be rounded up to standard specifications of the steel plate. So the thickness of the head wall is 8mm.
Deterministic Finite Element Analysis of Shell
The shell of scroll compressor is an axially symmetric structure. The solid model of shell is established according to the structural size, and the finite element model of the shell is also established, as shown in Fig. 2 [4] .
When the simulation of the shell is carried out, the node Y in the central part of the shell is displaced, the node X on the constrained surface is displaced, and the uniform load P =14e6Pa is applied to the inside of the shell. The Von-Mises stress of the shell is shown in Fig. 3 . As shown in Fig. 3 , there're 2 weak regions in the shell, which are located in the middle area of the upper and lower head respectively. The maximum Von-Mises stress is 297MPa, which exceeds the allowable stress 189MPa, but is still less than the material yield limit 345MPa. With the finite element analysis results, if the reliability of the shell is ensured by the traditional safety factor method, the wall thickness should be increased to reduce Von-Mises stress of the structure.
Stochastic Finite Element Analysis of Shell
Based on the finite element analysis results of the shell, the largest stress of the node is extracted, and the limit state equation is defined, then the probability analysis file could be generated. The probability analysis file is read by ANSYS PDS module [5] , and the random input variables are defined, as shown in Tab 1. The probability design is done by the Monte Carlo method based on 2000 simulated samples, and the mean trend of output variable is shown in Fig. 4 . The most effective way to determine whether the Monte Carlo cycle is enough is to check the history of the mean. When the simulation times are enough, the mean is gradually convergent, and the curve tends to level. So as shown in Fig. 4 , the samples are sufficient.
The cumulative distribution function of the output variable at 95% confidence level is shown in Fig.  5 . As shown in Fig. 5 , when Z(X) <0, and confidence level is 95%, the probability is 0.64%, then the reliability of the head is 99.36%. Therefore, the shell of scroll compressor designed by the pressure vessel design method meets the structural safety requirements [6] . The sensitivity analysis results of output variables are shown in Fig. 6 . The input variable which impacts the output variable more than 2.5% is classified as a significant factor. The areas of the input variables in pie chart represent the influence degree on the output variables. The larger the area is, the greater the effect of the input variable on the output variable. As shown in Fig. 6 , under the given conditions, there're 6 variables impacting reliability of the shell, including the material strength, working pressure, head wall thickness, cylinder wall thickness, cylinder diameter and head radius. Then the results indicate the direction for further optimization of the shell structure. 
Summary
1) The reliability design method of pressure shell of scroll compressor is proposed in this paper. Based on the existing design specifications and the discretization of design variables, the design result conforms to the engineering practice.
2) Using the reliability design method, the strength reliability of the shell of scroll compressor could be quantitatively determined, and the sensitivity analysis results of the output variables could also be obtained. So this reliability design method provides a scientific basis for the design, analysis and improvement of reliability of the parts.
